Bacillus species produce a large number of biological compounds against bacteria and fungi. The aim of this study was isolation and diagnosis of kinds of isolates Bacillus from different plants and determination of their efficiency as a bio-control agents against phytopathogenic bacteria like Xanthomonas campestris pv. campestris and Pectobacterium carotovorum subsp. carotovorum Supernatants and suspensions containing isolates Bacillus were studied for determination of antagonistic effect. Antibacterial activity performed by disk method. Cell growth and production of bioactive compounds were followed during cultivations in a medium proposed by Kim et al. (1997) for bio-surfactant production. Then bio-surfactant production was estimated by superficial tension measurements. Among of isolates Bacillus, Bacillus thuringiensis, Bacillus cereus, Bacillus subtilis, Bacillus megaterium and Bacillus pumilus against investigated phytopathogenes showed good activity. Also the study showed highest hemolytic and antimicrobial activities, to follow up growth and production of bio-surfactant compounds. Relationship between mean diameter of zone of inhibition with 3 tested type of bacteria, kind microbial solution and type of medium were significant. If the result of this method to be similar with in vivo conditions in future, it can be optimized for neutralization of bacteria pests in plants.
INTRODUCTION
Xanthomonas campestris patovar campestris is the causal agent of crucifer's black rot, a disease responsible for severe economic losses. Plants belonging to this family are susceptible to this disease in all developmental stages. The black rot occurs more frequently in humid soils and temperatures ranging from 20 to 30°C, which are common in tropical and subtropical regions (Mariano et al., 2001) . The symptoms are characterized by yellow V-shaped lesions that begin on the leaf marines and progress to the center through the vascular tissue, resulting, in general, the leaf necrosis (Assis et al., 1997 X. campestris can be spotted by the black lesions that develop on plant surfaces when contaminated. The pathogen first interacts with the host by secreting an array of effectors proteins including hypersensitive reaction using type III secretion system (TTSS) (Weber et al., 2005) . These effectors may behave avirulently by disguising itself to secrete several hypersensitive reaction and outer proteins in order for interaction to occur with the host cells (Wang et al., 2007) . X. campestris then targets the vascular tissue causing darkening and marginal leaf chlorosis. The bacteria seep into the leaf towards the stomata, hydathodes and to the epidermal cells initiating new lesion. Severe infection occurs in a young seedling. Since the disease advances throughout the plant, the main stem cannot form, stunting development and blackening the veins. Eventually, the bacteria proliferate throughout the vascular system and to the seed stalk causing the seed to become infected of future diseases (Ritchie and Averre, 2007) .
Appearing more during the wet seasons, X. campestris possess pili that accommodate a gliding movement through wet leaves. Covering an affected area in numerous numbers, once a plant is diseased, the pathogen will spread in any form of water movement including splashes of rain drop to a new host (Ritchie and Averre, 2007) .
Virulence factors consist of lytic enzymes that attack the plant's cell wall, excretion of proteases, amylases, cellulases and lipases that help lower the plant's defense mechanisms. In addition, the Rpf gene cluster is also crucial for pathogenesis in order for X. campestris to moderate the production of these virulent factors (Dow, 2003) .
Pectobacterium carotovorum is a species of Gramnegative, facultatively anaerobic, rod-shaped bacteria (Whitehead et al., 2002) . P. carotovorum subspecies carotovorum is a phytopathogenic enterobacterium responsible for soft rot, a disease characterized by extensive plant tissue maceration caused by a variety of secreted enzymes. The major pathogenicity determinants are an arsenal of extracellular pectinases, including several pectate lyase isozymes: pectin lyase, pectin methyl esterase, and pectin polygalacturonase. In addition, a range of other degradative enzymes, such as cellulase and proteases, play equivocal roles in virulence (Chuang et al., 1999) . P. carotovorum subsp. carotovorum also produces one or more antibacterial substances called bacteriocins, which enhance their competitiveness with other related rival species (Yasunaka and Amako 1979) . The ability of this bacterial species to produce bacteriocin has been exploited in many biological control programs for the soft-rot disease of Chinese cabbage (Kikumoto et al., 1998; Takahara, 1997) . In view of this, identification and cloning of the gene(s) controlling bacteriocin production may facilitate the development of wider and more innovative control methods, such as the cloning of these gene(s) into Chinese cabbage, tobacco, and other susceptible plants to produce resistant cultivars.
The use of chemical compounds has failed to control plant disease due to resistance, environment pollution, and damage to human health. Because of these disadvantages, the use of microorganisms for pathogen control and for plant growth promotion is becoming more common. However, the success of bio-control and yield increase depends on the nature of the antagonistic properties and on the mechanisms of action of the organism. The modes of action are widely varied and can be, for instance, nutrient competition, direct parasitism and production of secondary metabolites (Melo, 1998) .
Bacillus species are involved in the control of plant diseases. The mechanism of antibiosis has been shown to be one of the most important (Thomashow and Weller, 1996) .
Among several peptide antibiotics, Bacillus spp. Produce lipopeptides, which are amphiphilic compounds with surfactant activity (Zuber et al., 1993) . A surfactant is briefly defined as a material that can greatly reduce the surface tension of water when in very low concentration. In the present study, the production of lipopeptides and the role of these compounds in Bacillus isolated from plants antagonism against X. campestris pv. campestris and P. carotovorum subsp. carotovorum were investigated.
MATERIALS AND METHODS

Test microorganisms
8 epiphytic Bacilli studied, Bacillus pumilus (3 strains), Bacillus thuringiensis (2 strains), Bacillus megaterium, Bacillus subtilis, Bacillus cereus, were isolated from plants such as cabbage, carrot, radish and kale. Bacillus spp. Were identified by biochemical methods and comparing to sugars fermentation (Table 1) . Also X. campestris patovar campestris PTCC 1473 and P. carotovorum subsp. carotovorum PTCC 1675 were bought from organization of scientific and industrial researches of Iran.
Antibacterial activity
Antimicrobial activity was determined by agar diffusion technique. 100 µl of X. campestris and or Pectobacterium carotovorum suspensions (around 10 9 cells/ml) (Monteiro, 2002) and or their supernatants were mixed to Mueller Hinton Agar (MHA) in pour plates. After solidification, 1 μl of Bacillus suspensions were added on disks and then after drying these were placed on the agar surface and incubated at 37°C for 24 h. After this time, inhibition halos were measured and antimicrobial activity (ml) was expressed as the difference between diameter of inhibition zone and diameter of Bacillus colony.
Hemolytic activity
Hemolytic activity was also determined by agar diffusion technique. 1 μl of Bacillus suspensions were placed on the surface of plates containing blood agar medium (with de-fibrinated sheep Blood) and incubated at 37°C after 24 h. After this time, the diameters of hemolytic zones were measured, and the results expressed as hemolytic activity (ml) (Monteiro, 2002) .
Statistical analysis
All experiments were performed in a completely randomized design. The results were subjected to analysis of variance (ANOVA) and means were compared by Turkey test (P ≤ 0.05) using the software SANEST ® .
Fermentation
Cell growth, substrate consumption and production of bioactive compounds were followed during cultivations in a medium that was follows (g/L): glucose, 40; NH4HCO3, 13.5; K2HPO4, 10.5; NaH2PO4, 1.5; MgSO4·7H2O, 0.5; MnSO4·4H2O, 0.05; yeast extract, 0.5. The initial pH was 8.0 and the culture temperature was 30°C (Kim et al., 1997) . The medium was used for biosurfactant production. The fermentations were carried out in fernbach flasks, Table 1 . Biochemical methods and sugar fermentation tests for Bacillus isolates (Paul DV et al. 2009 ). containing 500 ml of medium in a rotator shaker at 150 rpm and 30°C for 72 h. Biomass was measured as dry -weight, after filtering 10 ml samples through 0.2 μm Millipore membranes and drying to constant weight at 80°C for 24 h. Production of bioactive compounds, expressed as antimicrobial activity (mm), was determined by agar diffusion method using paper disks and X. campestris patovar campestris PTCC 1473 and also P. carotovorum subsp. carotovorum PTCC 1675. Bio-surfactant production was estimated by superficial tension measurements. (Figure 1) . 1 of the isolate: B. pumilus 2 did not show any inhibition halo. Analysis of the data showed specificity among the antagonists and the phytopathogenes. The isolates that showed antimicrobial activity also produced hemolytic zone on blood agar plates. All of the isolates showed hemolytic activity at 37°C. Assis et al. (1996) investigated the antagonism of 32 epiphytic Bacillus spp., isolated from cabbage, kale and radish. Among these isolates, 13 reduced 100% the incidence of black rot in kale under greenhouse conditions. In other study (Assis et al., 1997) campestris, but showed less hemolytic activity then B. megaterium C116, Which showed the highest activity on the hemolytic activity tests. In our study B. subtilis and B. megaterium had the same antimicrobial activity against X. campestris patovar campestris and also B. megaterium showed high hemolytic activity than B. subtilis. Ohno et al. (1995) studied the correlation found between hemolytic and growth inhibition of the phytopathogenic bacterium indicated that lipopeptides were involved in the antagonism. As for as this fact that excess usage of chemicals in agriculture cause environment pollution and also botanical pathogens get fast resistance against chemical pesticides, biological control method is of method which could be a suitable way to substitute this method.
Characteristic A B C D E F G H
RESULTS AND DISCUSSION
Bioactivity of Bacillus isolates
Hemolytic activity of Bacillus isolates
The hemolytic activity presented by lipopeptides can be used for selecting lipopeptide -producing microorganisms. Therefore, hemolytic activity tests were performed to investigate the possible role of these compounds in antimicrobial activity of the Bacillus isolates (Figure 2) . The same isolates that showed antimicrobial activity also produced hemolytic zone on blood agar plates. The correlation found between hemolytic activity and growth inhibition of the phytopathogenic bacterium indicated that lipopeptides were involved in the antagonism. However, although lipopeptides showed surfactant as well as antimicrobial activities, a potent lipopeptide surfactant could show low antimicrobial activity and vice versa. Moreover, more than one lipopeptide, with different antimicrobial and surfactant activities, were were normally produced by Bacillus (Ohno et al., 1995) , and synergistic effects have been observed, as discussed. Hiraoka et al. (1992) studied the lipopeptides surfactin (a potent surfactant) and iturin, either together or separately.
Surfactin alone did not show antimicrobial activity against the phytopathogenic fungus F. oxysporum, causal agent of crown and root rot of tomato. Nevertheless, the combination of both lipopeptides enhanced pathogen inhibition, in relation to iturin alone. B. subtilis RB14, a surfactin and iturin producer, inhibited not only F. oxysporum, but also the growth of other phytopathogens, more significantly than B. subtilis NB22, which produced only iturin A ( Hiraoka, et al. 1992 ). In our research B. pumilus 3 showed the best hemolytic activity and antibacterial activity was relatively high.
Production of surfactant compounds and biomass by Bacillus isolates
Fermentations were carried out at the same growth conditions to follow the variation of the medium superficial tension, which indicated the production of biosurfactants B. pumilus 3 showed the superficial tension of the medium was reduced more quickly in comparison to the others. The results are shown in Figure 3 . Biomass production during fermentation of Bacillus isolates are shown in Figure 4 .
Fermentation studies were carried out with the isolates that showed highest antimicrobial and hemolytic activities, to follow up growth and production of bioactive and surfactant compounds. Production of bioactive and surfactant compounds was observed during the late growth phase of the Bacillus isolates. The Production of both antimicrobial and surfactant activities during growth of the Bacillus isolates on solid and liquid media indicated that lipopeptides could have a major role on the reduction of the incidence of the phytopathogenes observed previously in greenhouse and field trials using these microorganisms as bio-control agents.
